The bioavailability of propranolol depends on the degree of liver metabolism. Orally but not intravenously administered propranolol is heavily metabolized. In the present study we assessed the pharmacokinetics and pharmacodynamics of sublingual propranolol. Fourteen severely hypertensive patients (diastolic blood pressure (DBP) ≥115 mmHg), aged 40 to 66 years, were randomly chosen to receive a single dose of 40 mg propranolol hydrochloride by sublingual or peroral administration. Systolic (SBP) and diastolic (DBP) blood pressures, heart rate (HR) for pharmacodynamics and blood samples for noncompartmental pharmacokinetics were obtained at baseline and at 10, 20, 30, 60 and 120 min after the single dose. Significant reductions in BP and HR were obtained, but differences in these parameters were not observed when sublingual and peroral administrations were compared as follows: SBP (17 vs 18%, P = NS), DBP (14 vs 8%, P = NS) and HR (22 vs 28%, P = NS), respectively. The pharmacokinetic parameters obtained after sublingual or peroral drug administration were: peak plasma concentration (C MAX ): 147 ± 72 vs 41 ± 12 ng/ml, P<0.05; time to reach C MAX (T MAX ): 34 ± 18 vs 52 ± 11 min, P<0.05; biological half-life (t1/2 b ): 0.91 ± 0.54 vs 2.41 ± 1.16 h, P<0.05; area under the curve (AUC T ): 245 ± 134 vs 79 ± 54 ng h -1 ml -1 , P<0.05; total body clearance (CL T /F): 44 ± 23 vs 26 ± 12 ml min -1 kg -1 , P = NS. Systemic availability measured by the AUC T ratio indicates that extension of bioavailability was increased 3 times by the sublingual route. Mouth paresthesia was the main adverse effect observed after sublingual administration. Sublingual propranolol administration showed a better pharmacokinetic profile and this route of administration may be an alternative for intravenous or oral administration. 
Abstract
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Introduction
For many years, beta-adrenergic antagonists were prescribed to patients with essential arterial hypertension, ischemic heart disease, cardiac arrhythmias and other cardiovascular diseases. These drugs have proved to be effective and safe (1, 2) . Propranolol, a prototype of this class of drugs based on competitive inhibition of catecholamine binding at beta-adrenoceptor sites, is conventionally prescribed by the peroral route, but intravenous administration is also available and usually prescribed for patients with acute syndromes (3). Propranolol is a lipid-soluble compound and its dosage form as tablet is completely absorbed by the peroral route. Due to its extensive first-pass hepatic effect by the peroral route, the drug shows a short plasma half-life (4). However, the high interindividual variation of plasma propranolol concentration after peroral administration, approximately 20-fold, depends largely on hepatic metabolism and total body clearance (5) . A dose-dependent bioavailability was reported for plasma propranolol levels higher than 20 ng/ml, the therapeutic drug concentration for patients with essential hypertension (2) . The rectal (6) and intranasal (7) routes have been used to avoid a first-pass hepatic effect.
We have previously reported the efficacy of sublingual propranolol administration in reducing blood pressure (BP) and heart rate (HR) in patients with severe arterial hypertension (8), although we did not measure plasma propranolol concentrations. The present study was conducted to investigate the pharmacokinetics and pharmacodynamics of this unusual route of propranolol administration in patients with severe essential arterial hypertension.
Material and Methods

Patients
Fourteen outpatients with essential arterial hypertension, aged 40 to 66 (mean 55.4 ± 8.6) years, 8 males and 6 females, were investigated (Table 1) . To be included, patients should have diastolic blood pressure (DBP) over 115 mmHg without any antihypertensive medication for at least two weeks before the study. Patients with congestive heart failure, second-or third-degree atrioventricular block, bradycardia (<60 bpm), bundle branch block, sick sinus syndrome, pulmonary, liver, renal, metabolic, inflammatory, or neoplastic diseases or previous hypersensitivity to any beta-blocker were excluded.
Study design
Patients were submitted to a general clinical and physical examination before the investigation to exclude any important disease other than arterial hypertension. Patients selected were randomized to receive the conventional form of propranolol hydrochloride (40 mg/tablet) by the sublingual or peroral route. BP, HR and blood samples for propranolol assay were obtained at baseline and after drug administration. Three measurements were made one minute apart after 10 min of rest in a quiet place using a standard mercury sphygmomanometer for BP and the Korotkoff phase V for DBP, followed by a one-minute heart rate count, and the mean values were calculated. Adverse effects were monitored simultaneously.
Blood collection and propranolol assay
Whole blood was collected into heparinized plastic vials prior to and at 10, 20, 30, 60, and 120 min after a single propranolol dose. After centrifugation at 2,000 g for 15 min, plasma was transferred to plastic tubes and stored in a freezer at -20 o C until the time for assay. Plasma propranolol concentration was determined after double extraction followed by fluorimetry, based on a previously reported method (9) . Briefly, 1 ml plasma was transferred to a glass tube (15 x 150 mm), 1 ml 10% K 2 CO 3 , pH 10.1, was added and the drug was extracted with 6 ml toluene for 5 min in a vortex mixer. After centrifugation at 3,000 g for 15 min, the supernatant was transferred to a clean glass tube and 5 ml of the organic phase was supplemented with 1.5 ml 5 mM acetic acid containing 5% ethylene glycol, pH 3.7. The mixture was reextracted for 5 min in a vortex mixer, followed by centrifugation. Fluorescence of the remaining aqueous phase containing the drug was measured with a Karl-Zeiss PMQ III fluorimeter using the following excitation/emission wavelengths: λexcitation: 290 nm and λemission: 358 nm.
Data analysis
Plasma propranolol concentration versus time data were plotted for comparison of the two routes of administration. The data obtained were maximum plasma concentration (C MAX ) and time to reach it (T MAX ). Noncompartmental pharmacokinetics was applied to estimate pharmacokinetic parameters (10, 11) . The area under the curve integrated from zero to 120 min (AUC T ) was calculated by the linear trapezoidal rule. Extension of bioavailability of propranolol (EBA) was calculated based on the area under curve ratio, AUCsublingual/AUCperoral x 100.
Estimated parameters related to drug absorption as AUC T , EBA and drug elimination as total body clearance (CL T /F): dose/ AUC T (where F represents the bioavailability of drug) were calculated according to Ritschel (10) and Shargel (11) .
Pharmacodynamic parameters such as systolic blood pressure (SBP), DBP and HR were measured to evaluate drug effect. The antihypertensive effect was plotted against time or against plasma propranolol concentration.
Ethics
The study was submitted to the Heart Institute Ethics Committee, University of São Paulo (São Paulo, Brazil) and approved without any restriction. All patients gave informed written consent to participate in the investigation.
Statistical analysis
Results and estimated parameters are reported as mean ± SD. The chi-square test was applied to determine the frequency distribution of all variables and parametric data analysis was performed for the pharmacokinetic and pharmacodynamic statistics. The Student t-test for unpaired data was applied for statistical analysis of propranolol kinetic disposition. Two-way analysis of variance for repeated measures was also applied to the pharmacodynamic data. The level of P<0.05 was considered to be statistically significant.
Results
The clinical baseline features of the patients are listed in Table 1 .
Pharmacokinetics
Plasma concentration data versus time were plotted for comparison of propranolol administration by the two routes. The data obtained were C MAX and T MAX . Noncompartmental pharmacokinetics was applied to estimate pharmacokinetic parameters such as AUC T , EBA and CL T /F ( Table 2 ). The pharmacokinetic parameters obtained or estimated after sublingual or peroral drug administration were, respectively: C MAX : 147 ± 72 vs 41 ± 12 ng/ml, P<0.05; T MAX : 34 ± 18 vs 52 ± 11 min, P<0.05; AUC T : 245 ± 134 vs 79 ± 54 ng h -1 ml -1 , P<0.05; CL T /F: 44 ± 23 vs 26 ± 12 ml min -1 kg -1 , P = NS (Table 2 ).
Pharmacodynamics
Pharmacodynamic parameters for patients from both groups investigated are reported in Table 3 . Patients receiving sublingual propranolol showed a drop (baseline vs maximum dose effect at 120 min) of 17% in SBP, from 210 ± 30 to 175 ± 31 mmHg (P = 0.05), a 14% reduction in DBP, 132 ± 16 to 114 ± 10 mmHg (P<0.05), and a 22% reduction in HR, 81 ± 8 to 63 ± 8 bpm (P<0.01). Patients receiving peroral propranolol showed: SBP reduced from 208 ± 18 to 170 ± 12 mmHg (equivalent to 18%, P<0.01) while a slight but significant reduction from 125 ± 5 to 115 ± 9 mmHg (equivalent to 8%, P<0.05) was obtained for DBP; HR was reduced from 87 ± 12 to 63 ± 6 bpm (equivalent to 28%, P<0.01). Significant reductions of BP and HR were obtained at 120 min compared to baseline after propranolol administration by both routes, while no differences in these parameters were observed when the sublingual and peroral routes were compared as follows: SBP (17 vs 18%, P = NS), DBP (14 vs 8%, P = NS) and HR (28 vs 22%, P = NS), respectively.
Adverse effects
All patients complained of mouth paresthesia, from mild (3/7) to moderate (4/7), after sublingual propranolol while no adverse effects were observed in patients after peroral administration.
Discussion Pharmacokinetics
Faster drug absorption may occur in the oral cavity after sublingual administration when compared to drug absorption in the gastrointestinal tract after peroral administration (12, 13) . However, propranolol hydrochloride tablets are fully absorbed in the gastrointestinal tract after administration by the peroral route and only 10-30% of the administered dose was available in the systemic circulation as active drug. Considering this extensive first-pass hepatic effect on the drug administered by the peroral route, metabolic deactivation of propranolol can be significantly reduced by administration by the sublingual route and consequently higher drug plasma concentrations are expected.
Because of high hepatic extraction, propranolol is a drug with a short half-life when compared to other water-soluble beta adrenoceptor antagonists. On the other hand, propranolol has a lipidophilic structure, the major factor causing a reduction of systemic availability when the drug is administered by the Table 2 -Pharmacokinetic parameters after propranolol administration to ambulatory patients with severe essential arterial hypertension.
Data are reported as the mean ± SD. *P<0.05 compared to peroral administration. C MAX : Peak plasma concentration; T MAX : time to reach C MAX ; EBA: extension of bioavailability (sublingual versus peroral); AUC T : area under the plasma concentration-time curve; CL T /F: total body clearance.
Sublingual
Peroral CMAX (ng/ml) 147 ± 72* 41 ± 12 TMAX (min) 34 ± 18* 52 ± 11
EBA (%) 314 ± 53 -peroral route. Additionally, it is a basic drug tightly bound to plasma proteins and widely distributed in all body compartments. Its kinetic disposition reported previously also shows a proportion of 3:1 for the plasmasaliva ratio after a single 80-mg peroral dose (14) . Considering also drug availability reported previously, it was demonstrated that extension of bioavailability was increased approximately two-fold by food, suggesting a reduction of propranolol metabolism in nonfasting patients (15) . In the present study, the systemic availability measured by the AUC T ratio indicated that the three-fold increase in extension of bioavailability was probably a consequence of the reduction of the first-pass effect plus faster drug absorption (C MAX increased by 3 times and a shortening of T MAX ) when propranolol was administered by the sublingual rather than the peroral route. Finally, significant changes in pharmacokinetics were obtained when this unusual route was used for patients with essential arterial hypertension, and could be an alternative choice for propranolol administration when faster drug absorption is desired.
Pharmacodynamics
The control of noninvasively determined parameters such as blood pressure and heart rate is critical to reverse pathogenic conditions responsible for morbidity and mortality related to hypertensive crises (16) . Decreases in blood pressure and heart rate may also be important to prevent cardiovascular events in several groups of patients (17) , particularly in those with ischemic heart disease (18, 19) . The therapeutic range for plasma propranolol concentrations remains unknown due to a large interindividual variation and to associated diseases (20) (21) (22) (23) . Reduction of blood pressure and heart rate correlates with plasma propranolol levels (24) . Plasma propranolol levels higher than 20 ng/ml, defined as minimum effective concentration, were sufficient to obtain a clinical response by beta-adrenoceptor blockage, but better results for the antihypertensive effect can be achieved at plasma levels ranging from 50 to 100 ng/ml (12, 25, 26) . In the present study, comparison of a single dose of sublingual and peroral propranolol showed similar clinical efficacy despite the higher plasma levels achieved after sublingual administration as a consequence of increased systemic availability, and the drug effect, measured by blood pressure and heart rate, was not proportional. This was probably related to the small number of patients, but similar results were previously obtained after intravenous and peroral propranolol administration (27) . In our previous study with more patients we showed the clinical efficacy of sublingual propranolol administration and also counteracted the tachycardia reflex associated with sublingual nifedipine (8) . We also might consider the high interindividual variability of the clinical response involving several mechanisms and enantioselectivity of drug action, and finally, the consequences on the kinetic disposition of this drug of high extraction, extensive first- 
